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Evaluation on Body Movements of Newborns and Premature Babies 

Yukuo KONISHI, Pediatrics Department, Saitam Medical University 

Ayako SASAKI, Nursing Department, Fukui Medical University 

Rieko TAKAYA, School Education, Faculty of Education, Fukushima University 

Introduction 

A human being becomes capable of walking in about one year after birth by 
developing movements in a certain sequence. The movement of a newborn as a starting 
point of such movements is generally considered as very immature. As for such 
movements of newborns, pediatric textbooks describe that there are innate neural 
networks in subcortex, spinal cord, and so on and when a certain stimuli is given, they 
output a movement pattern according to the stimuli. Then, with the development of 
cerebral cortex after several months after birth, this reflex is suppressed and cerebral 
cortex takes over movement control. 

This theory is convenient and is widely supported in Japan even at present since it 
seemingly supports the structural theory of Piaget 1 ' and associates the appearance of 
voluntariness of movements and the development of cerebral cortex. However, in recent 
developmental behavioral research, there are such theories that postnatal babies make 
spontaneous movements of their limbs even without any special external stimuli and these 
movements include various primitive reflexes 2) , that neonates intentionally reach out their 
hands toward some object 3 ', and that neonates imitate other person's facial gestures 4) . 
Accordingly, great revision of the aforesaid classical movement developmental theory is 
being demanded. 

Under such circumstances, especially Prechtl et al. focused on spontaneous general 
movements (GM) that are observed from a prenatal period to infancy and found out that it 
is possible to determine whether or not an infant has cranial lesions by observing tendency 
of this movement 5 " 7 '. Here, such reports of theirs, an objective diagnostic method of GM 
conducted by us, and so on will be discussed. 

1. What is GM 

From observation utilizing ultrasonic wave, it has been confirmed that various 
spontaneous movements in the prenatal period are substantially the same as those in the 
postnatal period 8 '. Among these spontaneous movements, GM appears at a high 
frequency and it is the movement of the whole body and thus can be recognized most 
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easily. GM is said to appear around 8 to 9 weeks after fertilization, lasts until several 
months of age, and disappears when voluntary movements appear. Normal GM starts 
from any portion of the four limbs and is a smooth, graceful and fluent movement of the 
whole body. It is characterized in its duration for several ten seconds to several minutes, 
its changes in magnitude and velocity in the course of the movement, and its slow velocity 
at the beginning and end of the movement 5 '. 

During this movement, complex movements of fingers 9 ' are seen and the rotation 
of brainstem is also seen. In the prenatal period, this GM does not present a great change 
after the appearance up to the birth, but after the appearance, its pattern changes from so- 
called writhing to fidgety with age. According to the research by Hadders-Algra et al. 10) 
who studied this change by surface electromyogram, it is said that the change is caused by 
a reduction in magnitude of muscular flexing and a reduction in time of the muscular 
flexing and by transition from simultaneous flexing to antagonistic flexing of antagonistic 
flexor and extensor. According to Bernstein 11 ', when a human being acquires movement, a 
basic pattern of the movement is learned by causing simultaneous flexing of antagonistic 
muscles first, lowering the degree of freedom of joints, and freezing the movements of the 
joints, and the freezing is gradually released to complete smooth movement, and this basic 
plan is in good agreement with the change of GM. 

2. Evaluation method of GM 

Prechtl et al. 5 ' found out that this GM greatly changes due to various factors, in 
particular, by brain lesions and reported that this is useful as a neurological diagnostic 
method for fetuses, neonates, and young infants. As previously described, appearing at a 
high frequency, GM is a movement easily recognized, but it changes depending on the 
awake state of a baby and appears only in states 2 and 4 in terminology of Prechtl 12 '. 
Therefore, in our research, the observation was conducted during the time when babies 
were making GM with their eyes open, that is, at the time of state 4. First, the babies in 
the nude were laid on their backs in a natural state and were recorded by a video recorder 
installed one-meter apart therefrom. The recording time was set to a length during which 
GM is seen about five times. After the recording, the video images were reproduced and 
the evaluation was made based on the plural images. Evaluation methods includes a 
method of evaluation on the overall GM and a method of evaluation regarding observation 

shown in Table, and the overall impression is considered as having a higher 
diagnostic value. Therefore, it is necessary to be accustomed to this evaluation method by 
repeating the method many times. 

This method is said to be very high in agreement rate among observers once the 
observers are accustomed to the method. However, it is sometimes difficult to make a 
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conclusive diagnosis only by one observation, and in such a case, it is necessary to 
regularly repeat the observation to confirm whether or not a change of GM in accordance 
with age is seen. Prechtl 12 ' says that the movement that does not present the transition 
from writhing to fidgety is indicative of high possibility of brain lesions. 

This method is safe since it is not necessary to touch a baby, and also has an 
advantage of enabling repeated judgment through the use of video recording and of 
enabling discussion among a plurality of people. 

3. New evaluation method of GM 

A judgment method of brain lesions through the evaluation of GM proposed by 
Prechtl et al. 5) is widely accepted now, but it cannot be said that there is no criticism 
saying this method is too subjective. Therefore, we tried to analyze trajectories of 
movements of limbs by using a motion analysis device in order to achieve more objective 
evaluation of GM. Reflective tapes were wound around hand joints and leg joints and 
were illuminated from the side of a video camera, and trajectories of the illuminated tapes 
were recorded. The trajectories of the tapes were drawn as two-dimensional trajectories 
by using a 2D motion analysis device. The trajectories for 1 month to 4 months of age are 
shown in the drawing. The subjects are premature, low-birth-weight twins. 1-A is a case 
of one of the twins who normally developed and 1-B is a case of the other who came to 
suffer cerebral palsy. In 1-A, only the trajectories for 2 months of age are monotonous, 
and at the other times, the trajectories are not patterned and complicated. On the other 
hand, in 1-B, the trajectories are relatively monotonous throughout the ages, and no great 
change was observed in 2 months of age. The trajectories in 1-A are the same as 
trajectories observed in some of normally delivered term-birth infants. The complexity of 
the movements was evaluated by a nonlinear prediction method on 5 examples of the 
trajectories of the normal infants, and as a result, nonlinear dynamics were observed in 
time-series GM. That is, it was found out that GM does not occur at random but is made 
by nonlinear deterministic dynamics and that GM becomes simple in view of that the 
movements become regular around 2 months of age. It was also found out that a 
movement pattern in the cases with brain lesions becomes abnormally regular or 
completely random 13 '. 

It was thought that the use of this method could achieve objective evaluation of 
GM. We further intend to make 3D analysis. 
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Table, Evaluation Points of GM 



Magnitude: only small movements as a whole 

only big movements as a whole 
movements with various magnitudes are seen 

Velocity: mainly slow movements 

mainly quick movements 
movements with various velocities are seen 

Start of movement: sudden or not 

limbs move simultaneously or not 
movement starts slowly and ends slowly 
(no simultaneous movement of limbs) 

Tendency: movements are not very varied 

floppy 
convulsive 

Gracefulness and fluency: no 
yes 

Finger movement: clenched 
open 

2 fingers or more move complicatedly 

FIG. 

A: Normally developed second baby of premature twins 
B: First baby coming to suffer cerebral palsy 



